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Method of packaging integrated circuits, and integrated circuit 



packages produced bv the method 



Field of the invention 

The present invention relates to methods of packaging integrated circuits, and 
5 integrated circuits produced using the method. 

Background of Invention 

It is well known to provide integrated circuits packages in which integrated 
circuits (dies) are located within resin bodies. Electrical contacts of the each 
integrated circuit are electrically in contact with corresponding electrical 
1 0 conductors which protrude out of the resin body. 

In one type of package, the integrated circuits are located on a die pad portion 
of a lead frame with the electric contacts facing away from the lead frame, and 
wires are formed between the electric contacts and respective lead fingers of 
the lead frame. The resin is applied to encase the integrated circuits and the 
15 wires in the resin body, leaving a portion of the lead frames protruding from 
the resin body. The lead fingers are then cut to separate them from the 
remainder of the lead frame, and thus singulate the packages. 

An alternative type of integrated circuit is called a "flip chip" which is 
positioned on (and normally adhered to) a substrate (a term which will be 

20 used very generally here, for example to include also a lead frame) with the 
electrical contacts facing the substrate, and in electrical contact with 
corresponding electric contacts provided in the substrate. The electric 
contacts on the substrate are typically electrically connected to electrically 
conductive paths formed through the material of the substrate. The flip-chip is 

25 typically encased in a resin body which secures it to the substrate to form a 
package. 
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There is pressure to improve integrated circuits packages to increase the 
number of input/output connections (l/Os), reduce the package footprint, 
reduce the package thickness and improve the thermal management (that is, 
reduce the risk of the integrated circuit overheating). 

5 Various proposals have been made to do this, typically proposing that a 
plurality of dies are packaged into a single package. For example, it is known 
to provide a plurality of dies inside a single package stacked one above the 
other with an adhesive paste between them. It is further known to provide two 
dies placed side by side (e.g. on a lead frame) within a single resin body. 

10 One disadvantage with providing a stacked die package assembly is that the 
thickness of the package is increased. Additionally, there are reliability 
concerns due to the presence of the adhesive layer between the dies, and 
due to the reduced possibilities for heat dissipation which in turn lead to an 
increased risk of overheating. 

15 Conversely, providing the dies side by side means that the footprint of the 
package is increased. 

Summary of the Invention 

The present invention aims to provide new and useful methods for packaging 
integrated circuits, and integrated circuit packages produced using the 
20 methods. 

In general terms, the present invention proposes that two integrated circuits 
are provided in register on opposite sides of a single substrate and that 
electrical contacts on the both of the dies are electrically connected to 
electrical contacts of the substrate. 



25 



Conventional moulding techniques are not well adapted for applying resin 
simultaneously to both sides of a substrate, so that if the invention is 
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implemented using conventional techniques two successive moulding 
operations would be required, each forming a resin body on a respective side 
of the sides of the substrate. This would significantly complicate the 
complexity of the moulding. For that reason, the substrate is preferably 
5 provided with holes through which resin can flow during a moulding operation, 
so that both of the integrated circuits can be encased in a single resin body 
during a single moulding operation in which resin is applied to only one side of 
the substrate (e.g. the upper side). 

During the moulding operation a moulding element should be provided to 
10 define a cup enclosing the lower integrated circuit, and thereby define the 
shape of the portion of the resin body on the lower surface of the substrate. 

This moulding element may be formed as a portion of a mould in which the 
substrate and integrated circuits are located during the moulding operation. 
However, more preferably, the moulding element may be a box element which 
15 is permanently connected to the substrate (e.g. by the moulding operation 
itself) and which remains in the completed package. 

Preferably, at least one of the integrated circuits is provided as a flip chip. For 
example, one of the integrated circuits may be a flip-chip and the other an 
integrated circuit requiring wire bonding. 

20 One of the integrated circuits may be provided on the same side of the 
substrate as eutectic solder balls which provide electrical contacts out of the 
substrate. In this case, the eutectic solder balls may be arranged on a surface 
of the substrate in an array including at least one opening, and the integrated 
circuit may be provided in the openings. 

25 This is particularly suitable in the case that the integrated circuit which is 
provided on the same side of the substrate as the eutectic solder balls is a 
flip-chip. Since a flip-chip does not include wire bonds, it can be packaged 
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with a thinner resin body than an integrated circuit which includes wire bonds. 
Preferably the portion of the resin body on this side of the substrate, and the 
box if one is provided, extend from the substrate by a distance which is less 
than the maximum distance to which the eutectic balls extend from the 
5 substrate. To make this easier to achieve the integrated circuit on this side of 
the substrate may be provided in a recess in the substrate. Preferably the 
recess exposes electrical elements in the substrate to which the integrated 
circuit is connected. 

The resin moulding process may optionally be performed in a vacuum, to 
10 avoid the risk of pockets of ambient atmosphere gases (air) being trapped in 
the resin body. Alternatively, this can be achieved by a proper design of the 
moulding arrangement. For example, in the case that resin is applied from the 
upper side of the substrate and is intended to flow through the holes to the 
lower side of the substrate, the box (or other moulding element) at the lower 
1 5 side of the substrate may include openings to allow the air to escape. 

Brief Description of The Figures 

Preferred features of the invention will now be described, for the sake of 
illustration only, with reference to the following figures in which: 

Fig. 1 is a view of a first surface of a substrate for use in a method 
20 which is an embodiment of the invention; 

Fig. 2 is a cross-sectional view illustrating a moment during the 
implementation of the packaging method of Fig. 1 ; ' «■ 

Fig. 3 is a cross sectional view of package produced by the method of 

Fig. 1; 

25 Fig. 4 is an exploded view of the package of Fig. 3. 

Detailed Description of the embodiments 
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Referring firstly to Fig. 1, a substrate 1 for use in a method which is an 
embodiment of the invention is a planar member which includes a first surface 
on which a plurality of solder balls 3 are arranged in a rectangular array. The 
array includes regions 5 in which there are no solder balls 3. In each of these 
5 regions 5 are four holes 7 which extend though the substrate 1 perpendicular 
to the plane of the substrate. The regions 5 further include respective central 
portions 9 having bump openings for contacting respective electrical contacts 
on a flip-chip which will be located over them. As in conventional substrates, 
the substrate 1 includes indexing holes 1 1 to help in positioning the substrate 
10 1 in relation to the integrated circuits and moulding apparatus. 

In a first step of the assembly process a flip-chip 13 (shown in Fig. 2, which is 
a cross section is a plane including two of the holes 7) is attached to each of 
the regions 9 with its electrical contacts in contact with the bump openings, 

15 and a box 15 having an opening is connected to the substrate 1 with the 
opening facing towards the flip chip 13, so that the box defines a cup 
enclosing the flip-chip 13. The box 15 may be formed of copper or gold, and 
may be adhered to the substrate 1. A second integrated circuit 17 is adhered 
to the opposite face of the substrate 1 (i.e. the one not shown in Fig. 1) and 

20 wires 19 are formed between electrical contacts on the second integrated 
circuit 17 and corresponding electrical contacts on the upper surface of the 
substrate 1 . 

The assembly thus formed is shown in cross-section in Fig. 2. As shown in 
25 this figure, the substrate 1 includes layers 19 in which electrical connections 
are provided, sandwiched by insulating layers. The construction of such 
layers will be familiar to one skilled in flip-chip technology. The contacts of the 
flip-chip make direct contact to electrical leads in the portion of the layer 19 
exposed by the recess 18. Furthermore, as is clear from Fig. 2, the portions 9 
30 of the regions 5 are located within recesses 18 in the lower surface of the 
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substrate 1 , so that the surface of the box 1 5 which is furthermost from the 
substrate 1 (i.e. lowest in Fig. 2) is still closer to the substrate 1 than the 
lowest parts of the solder balls 3. 

5 The assembly is then positioned in a conventional moulding device in the 
orientation shown in Fig. 2. The moulding device applies resin to the upper 
surface of the substrate to create a resin body 21 including a portion 23 on the 
upper surface of the substrate 1 having a shape defined by the shape of a 
mould of the moulding device. During this moulding process, resin flows 
10 through the holes 7 into the volume defined by the box 1 5 and fills that box, so 
that the resin body 21 further includes a portion 25 on the lower surface of the 
substrate 1 defined by the internal shape of the box 15. The integrated circuit 
package thus formed is shown in Fig. 3. 

15 Although not shown in Fig. 3, the box 15 may include openings to ensure that 
any air which is present in the box 15 before the moulding operation begins is 
not trapped there in pockets. The openings provide exit paths. Alternatively, 
the method can be performed at low pressure (e.g. much less than one 
atmosphere). 

20 

Fig. 4 is a view of the package exploded in the direction marked A in Fig. 3 
with the substrate 1 divided into two along one of the planes 19. 

Although only a single embodiment of the invention has been shown, many 
25 variations are possible within the scope of the invention as will be clear to a 
skilled reader. For example, the provision of the box 15 is not necessary to 
the invention, and the shape of the portion 25 of the resin body may instead 
be defined by a mould which is attached to the lower face of the substrate 1 
during the moulding operation and subsequently removed. Furthermore, in 
30 alternative embodiments of the invention, the resin may be supplied from 
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under the substrate 1 , although this possibility increases the complexity of the 
operation and is not presently preferred. 



5 



